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Cross-Talk between Neighboring Troponins in Ventricular Myofibrils
Sean C. Little, Paul Janssen, Jonathan P. Davis.
The Ohio State University, Columbus, OH, USA.
Troponin C (TnC) is responsible for Ca2þ-dependent activation and inactiva-
tion of the thin filament during contraction and relaxation of the heart. To study
the Ca2þ binding properties of TnC, we designed a human cardiac TnC (C35S
T53C C84S)5 the L48Q mutation. L48Q TnC has an increased Ca2þ sensitiv-
ity and decreased rate of Ca2þ dissocation as previously shown in multiple bio-
chemical systems. We exchanged IANBD labeled control or L48Q Tn into
rabbit ventricular myofibrils and used a stopped-flow apparatus to measure
the fluorescence change related to Ca2þ dissociation. Unlike the mono-phasic
Ca2þ dissociation curve of control myofibrils (25.3/s5 0.7), Ca2þ dissociation
from L48Q TnCmyofibrils was biphasic, with rates of 17.35 0.5/s and 4.735
0.07/s, at 15oC. The apparent Ca2þ affinities of the fast and slow phases for
L48Q TnC corresponded to the steady-state Ca2þ binding affinities of control
and L48Q myofibrils, respectively. We hypothesized that the biphasic rate of
L48Q Tn exchanged myofibrils results from the influence of the un-
exchanged endogenous Tn. Consistent with this hypothesis, reconstituted thin
filaments containing 100% L48Q Tn had a mono-phasic Ca2þ dissociation
curve. Whereas, Ca2þ dissociation from reconstituted thin filaments containing
IANBD labeled L48Q Tn and unlabeled control Tn lead to a biphasic Ca2þ dis-
sociation rate, confirming the crosstalk between Tn subunits. Interestingly, the
biphasic characteristic of L48Q TnC was absent when incorporated into dis-
eased human ventricular myofibrils, possibly due to an altered thin filament
state. Fluorescently labeled L48Q TnC provides insight into the interactions oc-
curring between neighboring Tn subunits. Thus, L48Q TnC may be a useful
tool to probe myofilament protein interactions along the thin filament.
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Effect of Hypertrophic Cardiomyopathy Linked Troponin CMutations on
the Calcium Sensitivity of Acto-Myosin ATPase under Different Phosphor-
ylation States of Troponin I
Acchia Albury1, Nicholas Swindle2, Svetlana Tikunova2.
1Wingate University, Wingate, NC, USA, 2University of Houston, Houston,
TX, USA.
The objective of this work was to investigate the effect of hypertrophic cardio-
myopathy linked A8V and E134D cardiac troponin C (cTnC) mutations on the
calcium sensitivity of acto-myosin ATPase under different phosphorylation
states of cardiac troponin I (cTnI). Consistent with its effect on the calcium sen-
sitivity of cTnC reconstituted into the thin filament, the A8V mutation led to
substantially higher calcium sensitivity of acto-myosin ATPase. The effect of
the A8V mutation on the calcium sensitivity of acto-myosin ATPase was
also evaluated after cTnI was replaced by the PKA phosphorylation mimetic
of cTnI (S22D/S23DcTnI). Replacement of cTnI by the PKA phosphorylation
mimetic of cTnI led to a larger decrease in the calcium sensitivity of acto-
myosin ATPase for the A8VcTnC compared to wild-type cTnC. In fact, the
ability of the A8V mutation to sensitize the acto-myosin ATPase to calcium
was almost completely eliminated after cTnI was replaced by the PKA phos-
phorylation mimetic of cTnI. The PKA phosphorylation mimetic of cTnI
also had a bigger effect on the rate of calcium dissociation from the A8VcTnC
reconstituted into the thin filament than on that from wild-type cTnC. The
E134D mutation exerted no effect on the calcium sensitivity of the acto-
myosin ATPase regardless of cTnI phosphorylation status. Thus, the ability
of hypertrophic cardiomyopathy linked cTnC mutations to affect the calcium
sensitivity of acto-myosin ATPase varies depending on phosphorylation status
of cTnI.
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Troponin T Nuclear Localization and its Role in Aging Skeletal Muscle
Tan Zhang, Alexander Birbrair, Zhong-Min Wang, Jackson Taylor,
Marı´a Laura Messi, Osvaldo Delbono.
WFUHS, Winston-Salem, NC, USA.
Troponin T (TnT) is known to mediate the interaction between Tn complex and
tropomyosin (Tm), which is essential for calcium-activated striated muscle
contraction. This regulatory function takes place in the myoplasm, where
TnT binds Tm. However, recent findings of Troponin I and Tm nuclear trans-
location in Drosophila and mammalian cells imply other roles for the Tn-Tm
complex. We hypothesized that TnT plays a nonclassical role through nuclear
translocation. By immunoblotting with two different antibodies that target the
NH2- or COOH-terminal region, respectively, we show that fast skeletal mus-
cle TnT3 is localized in the muscle nucleus in addition to the cytoplasm as ei-
ther an intact or fragmented protein. By transient overexpressing DsRed fusion
proteins of different TnT3 fragments in C2C12 skeletal muscle cells, full-
length or the COOH-terminal fragment are predominantly localized in thenucleus, closely related to nucleolus. In contrast, TnT3 middle and NH2-
terminal fragments are predominantly localized in the cytoplasm, suggesting
divergent functions. RNA polymerase inhibition redistributed TnT3 and its
COOH-terminus from the nucleolus, implying a role for TnT3 in rRNA pro-
cessing. More importantly, the full-length TnT3 protein is less abundant in
myonuclei from old (24 months) vs young (4 months) mice while the
COOH-terminal fragment is more abundant in older mice. We also found
that apoptosis markers increased in cells expressing the fluorescence-tagged
full length or COOH-terminal (CT) TnT3 proteins, in contrast to those express-
ing the middle and NH2-terminal fragments. We propose that TnT3 plays an
important role in aging muscle, by contributing to decreased myonuclear num-
bers, thus mediating age-related muscle damage and disease.
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The Effect of HCM and RCM Causing Mutations of Troponin T on Force
Generation and Cross-Bridge Kinetics in Thin-Filament Reconstituted
Bovine Cardiac Muscle Fibers
Fan Bai1, Hannah M. Caster1, Jose R. Pinto2, James D. Potter2,
Masataka Kawai1.
1The University of Iowa, Iowa City, IA, USA, 2University of Miami Miller
school of Medicine, Miami, FL, USA.
Two troponin T mutations (I79N and DE96), which cause hypertrophic cardio-
myopathy and restrictive cardiomyopathy respectively, were examined using
the thin-filament extraction and reconstitution technique. Effects of Ca2þ,
ATP, phosphate and ADP concentrations on force and its transients were stud-
ied at 25C and compared to WT. I79N andDE96 showed no significant change
in maximum tension generated compared to WT, but both of them showed sig-
nificantly increased Ca2þ sensitivity (pCa50: 5.6550.04 and 5.6250.04, re-
spectively) than WT (5.4450.04). The cooperativity increased in I79N
(2.5350.18) but remained the same in DE96 (1.7550.19) compared to WT
(1.7150.18). Both I79N and DE96 showed lowered low-Ca (pCa 8.0) stiffness
(YLC, 14.5252.67 and 23.9352.73) than WT (30.2154.36). High-Ca (pCa
4.66) stiffness remained similar among all three Tns. However, The Ca2þ acti-
vatable stiffness of I79N and DE96 (Yact=YHC-YLC, 55.4354.92 and
48.4956.91) was significantly higher than WT (Yact=33.5454.22) (5sem,
N=9-20 for all studies). The All tensions were normalized to Ta, the tension
of actin-filament reconstituted myocardium at the standard activating condi-
tion. Five equilibrium constants were deduced using sinusoidal analysis.
I79N and DE96 showed significantly decreased K0 (ADP dissociation constant,
30.2052.43 mM1 and 34.6153.89 mM1, respectively) than WT
(46.851.24 mM1). I79N showed significantly lower K2 (cross-bridge detach-
ment step: 0.8050.11) than DE96 (1.7450.24) and WT (1.4150.19). I79N
and DE96 also showed significantly higher K4 (force generation step:
0.7050.06 and 0.2850.01, respectively) than WT (0.2150.03). The cross-
bridge distribution of the mutants and WT was calculated from the equilibrium
constants. I79N showed ~33% more force generating cross-bridges than WT,
but DE96 remained similar to WT. These results indicate that, under
pCa4.66, force/cross-bridge is ~25% less in I79N than WT, but remains similar
in DE96.
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Structural and Kinetic Effects of PKC Phosphorylation and Selected HCM
Mutations of cTnI on cTnI-CTnC Interactions within the Reconstituted
Thin Filament
Zhiqun Zhou, KingLun Li, Daniel Rieck, Yexin Ouyang, Wen-Ji Dong.
Washington State University, pullman, WA, USA.
The switching activity of cardiac troponin I (cTnI) during activation can be
modulated by protein kinase C (PKC) dependent phosphorylation and hypertro-
phic cardiomyopathy (HCM) mutations found in the C-domain of cTnI. In this
study, FRET was used to follow the cTnI-cTnC interactions associated with
cTnI switching by monitoring changes in the distances from residue 89 of
cTnC to residues 151 (inhibitory region-Ir) and 167 (regulatory region-Rr) of
cTnI, respectively. PKC pseudo-phosphorylation mutants of cTnI (S43E,
S45E and T144E) and three HCM-associated mutants of cTnI (R145G,
R145Q and R162W), all containing a marker for FRET, were generated. The
structural and kinetic effects of these mutants on cTnI-cTnC interactions
were then investigated using steady-state and time-resolved FRET measure-
ments and stopped-flow. Results showed that PKC pseudo-phosphorylation
of cTnI decreased the Ca2þ-sensitivity of both the cTnI(Ir)- and cTnI(Rr)-
cTnC interactions, while the HCM mutants cTnI(R145G), cTnI(R145Q) and
cTnI(R163W) increased Ca2þ-sensitivity. Ca2þ-dissociation induced struc-
tural kinetics of the cTnI(Ir)-cTnC interaction was accelerated with
cTnI(S43E/S45E) and cTnI(S43E/S45E/T144E), and slowed with
cTnI(T144E). The structural kinetics of the cTnI(Rr)-cTnC interaction was de-
creased in response to all PKC pseudo-phosphorylation combinations.
